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The avocado seeds were collected from Dilla and Wonago in Gedeo zone, 
southern part of Ethiopia for oil extraction and biodiesel production. The 
collected seeds were oven dried and crushed in to powder by mortar and pestle. 
A soxhlet extraction was used for extraction of the oil. The solvent used for oil 
extraction was n-hexane. The extracted oil was separated from the solvents by 
vacuum rata evaporator. The oil content, biodiesel content and the physico-
chemical parameters of the oil as well as the biodiesel were determined. The oil 
content and biodiesel content was 27.6% and 95.2% for avocado seed grown in 
Wonago and 27.2% and 94.86% for avocado seed grown in Dilla. The physico-
chemical parameters of the oil and biodiesel were determined and the result 
shows that the acid value of (4, 4.3, 0.89,0.92), saponification value (223, 219 ), 
kinematic viscosity (36,7,5.02,37.44,5.15), density (933,882,936,884g/ml),  
higher heating (38,40.5,37,40), ester  content (95.2,94.86), respectively. Based on 
the GC-MS analysis of the biodiesel, four FAME compounds were identified. These 
are methyl palmitate, methyl linoleate, methyl oleate and methyl stearate. From 
the physicochemical properties of the biodiesel determined avocado seed oil 
methyl ester could be used as an alternative energy resource in diesel engine. 
 
                 © 2017 International Scientific Organization: All rights reserved. 
Capsule Summary: The avocado seeds oil extraction and biodiesel production efficiency was evaluated. Methyl palmitate, 
methyl linoleate , methyl oleate  and methyl  stearate were the main components of oil and avocado seed oil methyl ester could 
be used as an alternative energy resource in diesel engine. 
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INTRODUCTION 
 
Increasing energy demands, depletion of fossil fuels and 
environmental pollution make the world under crises now a 
day’s. This is because of many countries worldwide are still 
heavily dependent on petroleum as their main source of 
electricity and transportation fuel. The only possible solution 
to solve this crisis is to find a sustainable (renewable), 
economically feasible and environmentally friendly source of 
alternative energy is necessary. There are many alternative 
energy sources such as hydropower, wind, solar, geothermal 
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and biomass. Biodiesel fuel is a renewable energy resource 
which is made from vegetable oils available around us 
(Kondamudi et al., 2008; Lebedevas et al., 2006; Nebel and 
Mittelbach, 2006). 
Avocado seed (persea Americana) is a waste where 
so many people are throwing away after using the fruit flesh. 
It is one of the most popular fruit in gedeo zones as a result 
there is a significant rise in avocado fruit consumption and 
consequently an increase in the Avocado seed waste 
generation. Therefore, alternative routes are needed for this 
waste management. This waste can be used for various 
applications. The presence of nitrogen allows it to be directly 
used as fertilizer or as soil improver (or compost) 
(Lebedevas et al., 2008).  On the other hand, waste Avocado 
seed have oil content in the order of 12-30 wt% which can be 
recovered and used for biodiesel production. 
Biodiesel is a clean, renewable, biodegradable, 
environmentally benign, energy efficient and diesel 
substituent fuel used in diesel engine. It is a carbon neutral 
fuel because there is no overall increase in CO2 in the 
atmosphere due to recycling by the growing plants used to 
feed the biodiesel industry (Lebedevas et al., 2008; Ma and 
Hanna, 1999). Emissions of SO2, SO3, CO, unburnt 
hydrocarbons and particulate matter are lower than that of 
petroleum diesel (Coronado et al., 2009; Ma and Hanna, 
1999). The most common process used  to produce biodiesel 
is through transesterification, a reaction between 
triglycerides and an alcohol with a low molecular weight 
(ethanol or methanol) in the presence of a basic catalyst 
(NaOH or KOH), to obtain esters and glycerol (Knothe et al., 
2006; Mata et al., 2010 and 2011). Transesterification is a 
three-step reversible reaction of vegetable oils or animal fats 
with a methanol to form fatty acid methyl esters (FAMEs) 
and glycerol as a final product (Morais et al., 2010).      
The reaction mechanism for the formation of fatty 
acid methyl esters (FAME) is described as follows (figure 2).  
Currently, about 84% of the world biodiesel production is 
met by rapeseed oil (Butler, 2006; Mumtaz et al., 2016; Nisar 
et al., 2017). The remaining portion is from sun flower oil 
(13%), palm oil (1%), soybean and others (2%) (Kalay, 
2011). since more than 98% of the biodiesel is made from 
edible oil, there are many claims due to the depletion of 
edible oil supply worldwide. Therefore in order to overcome 
these devastating phenomena, the feed stock for the biodiesel 
production must be replaced by non–edible oil, frying oil and 
oil extracted from waste substances. Therefore, for this study 
oil extracted from the waste Avocado seeds grown in Wonago 
and Dilla were used for the production of biodiesel because 
this have two advantages such as waste management and the 
oil is non-edible as a result it does not compete with food 
security.  
 
MATERIAL AND METHODS 
Chemicals and reagents 
Methanol (99%), sodium hydroxide, sulfuric acid (98%), n-
hexane, ethyl acetate, sodium thiosulfate,   phenolphthalein, 
ethanol (96%), anhydrous sodium sulphate, avocado seed 
oil and potassium hydroxide. 
Instrumentation 
Soxhlet apparatus, Rotary evaporator, GC-MS, FT-IR, bomb 
calorimeter, viscometer, hot plate, thermometer, round 
bottom flask, separatory funnel, mortar and pestle were 
used. 
Experimental 
The biodiesel produced from avocado seed oil and 
methanol with sodium hydroxide as catalyst was studied in 
laboratory experiments. 
Waste avocado seed sample preparation     
Fresh Avocado seeds were collected from wonago and Dilla. 
After that the waste Avocado seeds were prepared and oil 
was extracted for biodiesel production. 
Extraction of oil from waste avocado seed by soxhlet 
apparatus 
Oven dry of waste Avocado seeds were grounded in to 
powder by using pestle and mortar. After that 100g of the 
sample were loaded in to thimble in Soxhlet apparatus. 
Next to that extraction was carried out using 500 ml normal 
hexane at 68oc (boiling temperature of hexane) for 48 h in 
an electrical heater. The mixture of the extracted oil and the 
hexane was separated by rotary evaporator and the 
percentage of the oil was calculated by the following 
formula: % Oil = Mass of Oil x 100/sample. 
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Fig. 1: Base catalyzed transesterification processes. 
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Fig. 2: Reaction mechanism for base catalyzed 
transesterification 
 
Analysis of biodiesel by GC-MS 
The composition of the raw material was determined by gas 
chromatography equipment equipped with a flame 
ionization detector and with a DB 23 column. Firstly, the 
methyl ester was obtained using 1%wt of sodium 
hydroxide and methanol. The reaction was carried out at 
45°C, 55°C and 65°C with a reaction time of 60 minutes. 
After the reaction, the excess methanol was evaporated 
under a vacuum using a rota-evaporator. Then, the 
mixtures of ester and glycerol were separated by separator 
funnel, and the methyl ester portion was purified by 
washing with water to remove the excess catalyst and the 
glycerol. After that, the esters were dried with anhydrous 
sodium sulfate.  
Next 0.1 ml of biodiesel was diluted to 10 ml using 
n-heptane (HPLC-grade, Merck).The sample was analyzed 
in a HP gas chromatograph model STAR 3600CX 
(Lexington, MA) equipped with a mass spectrometry and 
with a HP5 column (30 m x 0.320 mm, J&W Scientific, 
Folsom, CA).Injector and detector temperatures were set at 
250ºC and 300ºC, respectively. The carrier gas used is 
helium at 46 ml/min. Air and hydrogen flow rates are 334 
and 34 ml/min, respectively. The program of the oven 
temperature is as follows: starting at 50 ºC for 2 min; from 
50ºC to 180ºC at 10ºC/min; 180ºC is  held for 5 min; from 
180ºC to 240ºC at 5ºC/min. Identification of different fatty 
acid methyl esters (FAMEs) was done based on a reference 
standard.  
 
FT-IR spectrometry 
The FT-IR spectra were recorded using KBr pellets. The 
samples was prepared as follows: 2 mg of the studied 
samples was  grounded together with 200 mg KBr into the 
fine powder with the particles size below 5mm and 
compressed to form of clear disk. The FT-IR spectra will be 
recorded using Brücker Tensor-27 spectrometer at ambient 
temperature in the wave number 4000-400cm-1. 
Experimental design 
Experimental Treatments: A basic catalysts (NaOH) was 
used at different reaction temperatures to study at which 
catalyst amount and temperature an optimum biodiesel is 
produced from the oils of waste Avocado seed. In addition 
to this blending of the biodiesel was conducted with 
petroleum diesel. Finally the physicochemical properties of 
the oil extracted from waste Avocado seed, biodiesel and 
blended biodiesel was determined.  
Determination of the physicochemical properties  
Density, specific gravity, kinematic viscosity, acid value, 
saponification value, iodine value, peroxide value, ester 
content and higher heating value oil of avocado seed, 
biodiesel and biodiesel blendes was determined.  
 
RESULTS AND DISCUSSION 
 
GC-MS and FT-IR analysis of biodiesel prepared from 
waste avocado seed      
Based on GC-MS analysis, the FAME of biodiesel prepared 
from waste avocado seed oils of Wonago and   Dilla four 
compounds were identified as described in detail in Table 2 
below. 
Physicochemical properties    
The biodiesel and biodiesel blends had lower specific 
gravity, density and kinematic viscosity compared to 
Avocado seed oil (Table 3). This is due to the fact that 
Avocado seed oil contains three esters combined together 
while the biodiesel contains a single ester.  
Conversely biodiesel and biodiesel blends had 
higher heating value than the Avocado seed oil. The main 
reason for the increased higher heating value is due their 
lower specific gravity and kinematic viscosity.  Besides to 
this the higher heating values of the biodiesel blends were 
larger than the biodiesel but lower than the petroleum 
diesel. This is due further reduction in specific gravity and 
kinematic viscosity of the blends. The carbon residue of the 
avocado seed oil was higher than the biodiesel, biodiesel 
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blends and petroleum diesel. This is due to the fact that 
there will be no complete combustion as a result of the 
higher kinematic viscosity of the oil. Even though the 
kinematic viscosity of petroleum diesel was lower than the 
biodiesel and biodiesel blends its carbon residue was 
higher. This is because of the incomplete combustion of the 
non-oxygenated hydrocarbons and aromatic compounds in 
petroleum diesel. The higher heating value and carbon 
residue were increasing as the amount of the petroleum 
diesel increases in the blend. The main reason for the 
increasing of the higher heating value is the decrease of 
specific gravity and kinematic viscosity of the blends. The 
higher heating values of biodiesel blends lie between the 
heating values of their constituents.  
Generally the physicochemical properties of the biodiesel 
and biodiesel blends (up to C20) lie within the biodiesel 
standard limits. Therefore these biodiesel and biodiesel 
blends can be used in diesel engine to substitute petroleum 
diesel (Table 3). 
Effect of different variables on transesterification 
process 
Several variables which affect the yield of FAMEs were 
studied. These are mass weight of catalyst, methanol to oil 
molar ratio and temperature. Their effect was described in 
Tables 4, 5 and 6. Results revealed that the FAMEs yield 
was priming.   
 
Table 1: Experimental treatments 
Methanol to  oil molar 
ratio(T1) 
Temperature 
in oC(T2) 
%w/w of  NaOH (T3) %V/V biodiesel/ petroleum diesel  
ratio (T4) 
3:1 45 1 100 : 0 =B100 
6:1 55 2 10:90=B10 
9:1 65 3 20:80=B20 
Where: T = treatment, B= Biodiesel                               
 
 
Table 2: Chemical composition of FAMEs of waste avocado seed oil by GC-MS analysis 
Name  of compound 
Molecular formula Molecular weight Amount% Wonago Amount %  Dilla 
methyl palmitate C16H3402 270 13.58 12.98 
methyl linoleate C18H34O2 294 12. 49 11.85 
methyl oleate C18H36O2 296 71.65 72.42 
methyl  stearate C18H38O2 298 2.28 2.75 
 
 
Table 3: Physicochemical properties for avocado seed oil, biodiesel, biodiesel blends and diesel fuel  
Property Wonago Dilla  Petroleu
m  
diesel 
WO100 WB100 WB20 WB10 DO100 DB100 DB20 DB10 
Specific gravity 0.933 0.882 0.868 0.862 0.943 0.884 0.879 0.868 0.845 
Density at 15oC 933 882 868 862 936 884 879 868 845 
Peroxide value 17 49.8 52 4 24 58 61 62 ----- 
Kinematic viscosity  40 oC 36.7 5.02 4.2 3.94 37.44 5.15 4.5 3.83 2.8 
Acid value 4 0.89 0.89 0.89 4.3 0.92 0.92 0.92 ----- 
Higher heating value 38 40.5 42. 8 43.8 37 40 41.3 43.6 45 
Carbon residue 0.04 0.03 0.025 0.027 0.05 0.032 0.042 0.036 0.049 
Ester content ------- 95.2 ------ ----- ------ 94.86    ------ ------ ----- 
Saponification value 223 ------ ------ ------ 219 ------ ------ ------ ------ 
Iodine value 38.2 38.2 38.2 38.2 37.4 37.4 37.4 37.4 ---- 
Where, WO100  = Wonago 100% oil, WB100 = Wonago 100% biodiesel, WB20 = Wonago 20% biodiesel, WB10 = Wonago 10% 
biodiesel, DO100   =   Dilla 100% oil, DB100 =   Dilla 100% biodiesel, DB20 = Dilla 20% biodiesel, DB10 = Dilla 10% biodiesel 
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FTIR spectra of avocado oil, biodiesel and petroleum 
The oil, biodiesel prepared from avocado seed oil and 
petroleum diesel was analyzed by FT- IR. The major change 
that takes place during the conversion from triglyceride oil 
to biodiesel was the gain of a CH3 carbon in the methyl ester 
(biodiesel) product, which is found in the range of 1438-
1459cm-1 which is not present in the spectra of the oil.  All 
other functional groups are the same for both the oil and 
biodiesel molecules. Biodiesel results in the formation of 
carbon hydrogen bonds at 2855-3008 cm-1, ester 
functionality at 1738-1759cm-1, CH3 terminal carbons at 
1438-1459cm -1, and carbon oxygen bonds at 1171-1197 
cm-1. In addition to this, there was a CH3 carbon stretch at 
1459cm-1which indicates that the product methyl ester did 
form during the reaction. There is a sharp Carbonyl 
stretching at 1742cm-1, which is characteristic of the ester 
in the product but not in the petroleum diesel it does not 
oxygen in its molecule as a result it does not contain 
carbonyl functional group. A peak at1197cm-1is carbon 
oxygen stretch and compliments the carbonyl peak in 
characterizing the product as an ester. Other identifying 
peaks found in the product were at 2926cm-1 and 2855cm-1 
that represents sp3 hybridized carbon molecules that are 
found in the long carbon chain of the biodiesel. The 
presence of fewer peaks in the fingerprint region of the 
biodiesel spectra in comparison to that of the triglyceride 
further confirms formation of the fuel product. This is as a 
result of the biodiesel being mono alkylated, unlike the 
more complex tri-alkylated triglyceride oil. Long saturated 
carbon chain allows for more carbon bonds to be broken; 
thus, producing more energy. 
Analysis of mass fragmentation of fatty acid methyl 
esters  
Gas chromatography- coupled with mass spectroscopy was 
used to analyze the chemical composition of the biodiesel 
prepared from waste avocado seed oil of a wonago and 
Dilla. As their mass spectra is shown in Figures 2a to 2d, 
methyl palmitate, methyl linoleate , methyl oleate and 
methyl stearate were identified  a major component at a 
retention times of  7.34,  9.28, 9.83 and 10.5 minutes 
respectively in all of the two  avocado grown in different 
areas. The molecular ion (parent) peaks of methyl 
palmitate, methyl linoleate, methyl oleate and methyl 
stearate were observed at 270, 294, 296 and 298 
respectively as expected.  It is interesting to observe that 
the saturated FAMEs detected in the biodiesel from waste 
avocado  (methyl palmitate and methyl stearate) show 
CH3OC(=OH+)CH2 fragment and appears at m/z = 74 as the 
base peak (100%) which is the result of McLafferty 
Table 4: Methyl ester content, as function of catalyst type and mass weight (catalyst at methanol/oil molar ratio, 
9:1; reaction temperature, 55 ºC; reaction time of 3 hours) 
Catalyst Mass weight of catalyst, wt.% Temperature Methyl ester content, w/w% 
Wonago Dilla 
 
NaOH 
1 55 89 88.78 
2 55 92 91.83 
3 55 87 86.9 
 
 
Table 5: Methanol /oil molar ratio influence on the amount of methyl ester content, at fixed reaction temperature 
(65ºC), reaction time 3 hours and mass Weight of catalysts. 
Methanol to oil molar 
ratio 
catalyst %W of catalyst w/w%  of methyl ester content 
Wonago Dilla 
3:1  
NaOH 
 
1 wt.% 
 
80 79.2 
6:1 95.2 94.86 
9:1 93 92.8 
 
 
Table 6: Influence of the reaction temperature on the methyl ester content, catalyst type, NaOH; catalyst amount, 1 
wt.%;  methanol/oil molar ratio, 9:1. 
Temperature in oC Type of catalyst Mass weight % 
catalyst 
Methyl ester content, w/w% 
wonago Dilla 
45  
NaOH 
 
1 wt.% 
90 89.76 
55 91 90.87 
65 93.3 93 
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rearrangement during the MS analysis due to a six 
member ring structure of an intermediate. Methyl 
linoleate shows [CH2=CHCH=CHCH2]+ fragment 
which appears at m/z = 67 as the base peak 
(100%). Methyl oleate shows [CH2=CHCH2CH2]+ 
fragment which appears at m/z = 55 as the base 
peak (100%). 
The methyl palmitate base peak ion at 
m/z= 74 undergoes McLafferty rearrangement 
losing the methyl ester which is fragmented 
between the α and β substituted carbons while the 
ion at m/z=87 is fragmented between C4 – C5 also 
loosing methyl ester and a hydrogen atom. An ion 
with m/z =57 is fragmented between C3 and C4 
losing a methylene diol and three hydrogen atoms 
via McLafferty rearrangement. Methyl linoleate’s 
molecular ion occurs at 294 m/z. Both ions at m/z = 
67 and 81 represent hydrocarbon fragments with 
general formula [CnH2n-3]   loosing dialkenes and a 
hydrogen atom. Methyl oleate’s parent peak is 
observed at m/z = 296. The peak at m/z = 74 
represents the rearranged McLafferty methyl ester 
fragment while the peak at m/z= 87 represents 
fragmented hydrocarbon ions with general formula 
[CH3OCO(CH2)n].  Methyl stearate’s molecular ion 
occurs at m/z = 298. The ion present at m/z = 74 
corresponds to the McLafferty rearranged methyl 
ester fragmented between the α and β carbons 
while the ion at m/z = 87 represents loss of methyl 
ester and a hydrogen atom fragmented between C3-
C4 respectively. Molecular ion at m/z= 67 and 81 
represent hydrocarbon fragments with general 
formula [CnH2n-3] due to loss of alkenes and a 
hydrogen atom. Based on environmental pollution 
issues (Bhatti et al., 2016; Iqbal et al., 2013; Iqbal, 
2016; Iqbal et al., 2015; Iqbal and Bhatti, 2015; 
Iqbal et al., 2016; Iqbal and Nisar, 2015; Iqbal et al., 
2017; Manzoor et al., 2013; Mushtaq et al., 2016; 
Nadeem et al., 2016; Nisar et al., 2016; Nouren et al., 
2017; Rashid et al., 2016; Shoukat et al., 2017; Tahir 
et al., 2016a; Tahir et al., 2016b; Ullah et al., 2013) 
and energy needs, there is need to use renewable 
energy sources and avocado seed oil found to be 
efficient for  the production of biodiesel.   
 
CONCLUSIONS 
Biodiesel from avocado seed oil is obtained by 
transesterification process using sodium hydroxide 
as catalyst. Optimum amount of methyl ester 
content from avocado seed oil is obtained at 65°C 
with methanol to oil molar ratio 6:1.  From the 
physicochemical properties of the biodiesel 
determined avocado seed oil methyl ester could be 
used as an alternative energy resource in diesel 
engine.  
 
 
       
 
 
     Fig. 3:  FTIR spectra of oil, biodiesel and petroleum diesel 
 
ISSN: 2410-9649                                    Hiwot  / Chemistry International 3(3) (2017) 311-319 iscientic.org.  
317 
www.bosaljournals/chemint/                               editorci@bosaljournals.com 
REFERENCES 
 
Bhatti, H.N., Zaman, Q., Kausar, A., Noreen, S., Iqbal, M., 2016. 
Efficient remediation of Zr(IV) using citrus peel waste 
biomass: Kinetic, equilibrium and thermodynamic 
studies. Ecological Engineering 95, 216-228. 
Butler, R.A., 2006. Why is oil palm replacing tropical rain 
forests. Available at: 
https://news.mongabay.com/2006/04/why-is-palm-oil-
replacing-tropical-rainforests/ 
Coronado, C.R., Decarvalho, J.A., Yoshioka, J.T., Silveira, J.L., 
2009. Determination of Ecological efficiency in internal 
combustion engines: The use of biodiesel, in Applied 
Thermal Engineering 29, 1887-1892. 
Iqbal, J.M., Cecil, F., Ahmad, K., Iqbal, M., Mushtaq, M., Naeem, 
M.A., Bokhari, T.H., 2013. Kinetic study of Cr(III) and Cr 
(VI) biosorption using Rosa damascena phytomass: a 
rose waste biomass. Asian Journal of Chemistry 25, 2099. 
Iqbal, M., 2016. Vicia faba bioassay for environmental toxicity 
monitoring: a review. Chemosphere 144, 785-802. 
   
 
Fig. 4: Mass spectra of methyl palmitate, methyl linoleate, methyl oleate and Methyl stearate 
 
ISSN: 2410-9649                                    Hiwot  / Chemistry International 3(3) (2017) 311-319 iscientic.org.  
318 
www.bosaljournals/chemint/                               editorci@bosaljournals.com 
Iqbal, M., Abbas, M., Arshad, M., Hussain, T., Khan, A.U., 
Masood, N., Tahir, M.A., Hussain, S.M., Bokhari, T.H., 
Khera, R.A., 2015. Gamma radiation treatment for 
reducing cytotoxicity and mutagenicity in industrial 
wastewater. Polish Journal Of Environmental Studies 24, 
2745-2750. 
Iqbal, M., Bhatti, I.A., 2015. Gamma radiation/H 2 O 2 
treatment of a nonylphenol ethoxylates: degradation, 
cytotoxicity, and mutagenicity evaluation. Journal of 
Hazardous Materials 299, 351-360. 
Iqbal, M., Iqbal, N., Bhatti, I.A., Ahmad, N., Zahid, M., 2016. 
Response surface methodology application in 
optimization of cadmium adsorption by shoe waste: A 
good option of waste mitigation by waste. Ecological 
Engineering 88, 265-275. 
Iqbal, M., Nisar, J., 2015. Cytotoxicity and mutagenicity 
evaluation of gamma radiation and hydrogen peroxide 
treated textile effluents using bioassays. Journal of 
Environmental Chemical Engineering 3, 1912-1917. 
Iqbal, M., Nisar, J., Adil, M., Abbas, M., Riaz, M., Tahir, M.A., 
Younus, M., Shahid, M., 2017. Mutagenicity and 
cytotoxicity evaluation of photo-catalytically treated 
petroleum refinery wastewater using an array of 
bioassays. Chemosphere 168, 590–598. 
Kalay, T., 2011. Biodiesel production from wado seed oil, 
Available at: 
http://etd.aau.edu.et/bitstream/123456789/4631/2/Ka
lay%20Tesfaye.pdf  
Knothe, G., Sharp, C.A., Ryan, T.W., 2006. Exhaust Emissions 
of Biodiesel, Petro diesel, neat methyl esters, and alkanes 
in a new technology engine, Energy & fuels 20, 403-408. 
Kondamudi, N., Mohapatra, S.K., Misra, M., 2008, Spent coffee 
grounds as a versatile source of green energy, Journal of 
Agricultural and Food Chemistry 56 (24), 11757-11760. 
Kondamudi, N., Mohapatra, S.K., Misra, N., 2008. Spent Coffee 
Lebedevas, S., Vaicekauskas, A., Lebedeva, G., Makareviciene, 
V., Janulis, P., Kazancev, K., 2006. Waste Coffee Grounds 
as an Energy Feedstock, Energy  Fuels 20, 2274–2280. 
Ma, F., Hanna, M.A., 1999. Biodiesel production: a review, in 
Bio resource Technology 70, 1-15. 
Manzoor, Q., Nadeem, R., Iqbal, M., Saeed, R., Ansari, T.M., 
2013. Organic acids pretreatment effect on Rosa 
bourbonia phyto-biomass for removal of Pb (II) and Cu 
(II) from aqueous media. Bioresource Technology 132, 
446-452. 
Mata, T.M., Cardoso, N., Ornelas, M., Neves, S., Caetano, N.S., 
2011. Evaluation of Two Purification Methods of 
Biodiesel from Beef Tallow, Pork Lard, and Chicken Fat, 
Energy & Fuels 25, 4756-4762. 
Mata, T.M., Cardoso, N., Ornelas, M., Neves, S., Caetano, N.S., 
2010. Sustainable Production of biodiesel from Tallow, 
Lard and Poultry and its Quality Evaluation. Chemical  
Morais, S., Mata, T.M., Ferreira, E., 2010. Life Cycle 
Assessment of Soybean Biodiesel and LPG as 
Automotive Fuels in Portugal, Chemical Engineering Tran
sactions 19, 267-272.  
Mumtaz, M.W., Mukhtar, H., Dilawer, U.A., Hussain, S.M., 
Hussain, M., Iqbal, M., Adnan, A., Nisar, J., 2016. 
Biocatalytic transesterification of Eruca sativa oil for the 
production of biodiesel. Biocatalysis and Agricultural 
Biotechnology 5, 162-167. 
Mushtaq, M., Bhatti, H.N., Iqbal, M., Noreen, S., 2016. 
Eriobotrya japonica seed biocomposite efficiency for 
copper adsorption: Isotherms, kinetics, thermodynamic 
and desorption studies. Journal of Environmental 
Management 176, 21-33. 
Nadeem, R., Manzoor, Q., Iqbal, M., Nisar, J., 2016. Biosorption 
of Pb (II) onto immobilized and native Mangifera indica 
waste biomass. Journal of Industrial and Engineering 
Chemistry 35, 185-194. 
Nebel, B. A.; Mittelbach, M., 2006. European Journal of Lipid 
Science and Technology 108, 398–403. 
Nisar, J., Razaq, R., Farooq, M., Iqbal, M., Khan, R.A., Sayed, M., 
Shah, A., Rahman, I.u., 2017. Enhanced biodiesel 
production from Jatropha oil using calcined waste animal 
bones as catalyst. Renewable Energy 101, 111-119. 
Nisar, J., Sayed, M., Khan, F.U., Khan, H.M., Iqbal, M., Khan, R.A., 
Anas, M., 2016. Gamma – irradiation induced degradation 
of diclofenac in aqueous solution: Kinetics, role of 
reactive species and influence of natural water 
parameters. Journal of Environmental Chemical 
Engineering 4, 2573-2584. 
Nouren, S., Bhatti, H.N., Iqbal, M., Bibi, I., Kamal, S., Sadaf, S., 
Sultan, M., Kausar, A., Safa, Y., 2017. By-product 
identification and phytotoxicity of biodegraded Direct 
Yellow 4 dye. Chemosphere 169, 474-484. 
Rashid, A., Bhatti, H.N., Iqbal, M., Noreen, S., 2016. Fungal 
biomass composite with bentonite efficiency for nickel 
and zinc adsorption: a mechanistic study. Ecological 
Engineering 91, 459-471. 
Shoukat, S., Bhatti, H.N., Iqbal, M., Noreen, S., 2017. Mango 
stone biocomposite preparation and application for 
crystal violet adsorption: A mechanistic study. 
Microporous and Mesoporous Materials 239, 180-189. 
Tahir, M.A., Bhatti, H.N., Iqbal, M., 2016a. Solar Red and 
Brittle Blue direct dyes adsorption onto Eucalyptus 
angophoroides bark: Equilibrium, kinetics and 
thermodynamic studies. Journal of Environmental 
Chemical Engineering 4, 2431-2439. 
ISSN: 2410-9649                                    Hiwot  / Chemistry International 3(3) (2017) 311-319 iscientic.org.  
319 
www.bosaljournals/chemint/                               editorci@bosaljournals.com 
Tahir, N., Bhatti, H.N., Iqbal, M., Noreen, S., 2016b. 
Biopolymers composites with peanut hull waste biomass 
and application for Crystal Violet adsorption. 
International Journal of Biological Macromolecules 94, 
210-220. 
Ullah, I., Nadeem, R., Iqbal, M., Manzoor, Q., 2013. Biosorption 
of chromium onto native and immobilized sugarcane 
bagasse waste biomass. Ecological Engineering 60, 99-
107. 
 
 
Visit us at: http://bosaljournals.com/chemint/ 
Submissions are accepted at: editorci@bosaljournals.com 
 
 
 
 
 
 
 
 
 
 
